Abstract. An anionic surfactant, that intentionally to mimic natural fatty acids, with highly conjugated component has been synthesized and analyzed by using NMR, FTIR and MS. The polar head group of the structure was linked to the hydrophobic tail through triazolyl moiety that formed from Cu(I) cycloaddition between an azidobenzoic acid and an acetylene. Critical micellar concentration (cmc) of the surfactant was determined at 0.1 mM by measuring their conductivity at constant pH consistent with UV-Visible absorption. Phase transitions of the surfactant were then observed by gradually decreasing the pH from 10 to 7. There are two stages of phase transitions observed at pH 8.9 and 7.6 upon the titration suggesting the transition from smaller size of aggregation structure into larger structure. The results indicate the aggregation mechanism of the synthesized surfactant greatly through conversion of head group from -COO − to -COOH that similar to natural fatty acids in aqueous.
INTRODUCTION
Both saturated and unsaturated fatty acids are abundant substances in nature that very close to human needs in many aspects. The saturated fatty acids always found as major components in plants and animal fats. The salts of fatty acid are widely used in detergent and medicinal formulations as an emulsifier and stabilizer. 1 The unsaturated fatty acids such as DHA and EPA have been claimed for health benefits. 2, 3 These structures contain non-conjugated alkenes mostly located in the middle of the hydrophobic alkyl chains. There are also some studies on unsaturated conjugated fatty acids such as conjugated linoleic acids that may have impact on human health. 4, 5 Salt of fatty acids usually can be dissolved in aqueous undergoes micellization. There are numerous of reports on aggregation determination and phase transition of fatty acids and their derivatives using various methods. 6 For an example, presence of micellar structures of a fatty acid salt solution would be indicated by the deviation of rate of increment of conductivity measurement. 7 This is due to condensed counterions on micellar interface inside the Stern layer and lead to reduce number of neat charge in the solution. The degree of counterion binding would be dependence on the bulkiness of the counterions demonstrated by fatty acid arginine salt 8 and fatty acyl-CoA 9 . Absorbance can be useful method to determine the presence of micellar structures of fatty acid solutions 10 and recently aggregation of fatty acids with different types of surfactants 11 . These certainly shows the potential of fatty acids to self-aggregate into different structures particularly micelle due to the interchange between protonated and deprotonated carboxylic head group and attractive force occurred within the head groups.
Beside the abundant of natural fatty acids, there is an example of synthetic surfactant to imitate unsaturated and conjugated fatty acids based on benzoic acid 12 The n-alkylbenzoic acids with C 0 -C 8 have been found as true surfactants regardless the length of alkyl chain. There was an attempted to produce biomimetic fatty acid from nitrated conjugated linoleic acid. 13 The nitration process was successful on the diene from two different synthetic methods.
In this report, we demonstrated the feasible way to produce a proper surfactant from conjugated benzoic acid with triazolyl linkage. The target compound was designed as shown in Scheme 1. Cu(I)-catalyzed cycloaddition between 4-azidobenzoic acid and an acetylene will be utilized to produce heterocyclic triazolyl links the hydrophobic alkyl chain and the polar head group. Physicochemical properties of the surfactant including cmc and phase transition will be investigated using pH, conductivity and absorbance.
Scheme 1:
The target surfactant will be prepared from two stages of reactions. The first stage will involve preparation of 4-azidobenzoic acid and alkylated acetylene. The second stage will utilize the Cu(I)-catalyzed cycloaddition between the azide and the terminal acetylene.
METHODOLOGY

Materials and Instrumentations
4-aminobenzoic acid (99%), sodium nitrite (99%), sodium azide (98%), 1-decanol (99%), sodium hydride (99%), propargyl bromide (98%), copper (I) chloride (98%), ethanol (98%), tetrahydrofuran (98%), diethyl ether (98%) were purchased from Merck Co. Hydrochloric acid (with fuming 37%) and sodium hydroxide pellet (97%) were purchased from Sigma Aldrich Co. All chemicals were used as received without further purification. In the synthesis works, silica gel 60 (Merck F 254 ) was used for TLC analyses and visualized either under UV light or potassium permanganate treatment.
1 H NMR and 13 C NMR spectra were recorded on a Bruker AVN-400 MHz spectrometer. FTIR spectra were recorded with a Perkin Elmer FTIR spectrometer and molecule mass of the final organic product was analyzed with an Agilent LC-MS.
Solutions of the synthesized surfactant was prepared in distilled-deionized water with the ionic conductivity of 18.2 uS/cm. Conductivity of the samples was measured by using Mettler Toledo FiveEasy FE30/EL30 conductometer at 25 O C and calibrated using 0.1 M KCl standard solution. pH of the solutions was measured by using Mettler Toledo FiveEasy FE20/EL20 and calibrated using the standard buffer solutions at pH 4.01, 7.00 and 10.00 at 25 O C. Absorbance measurement was conducted using a Cary 60 UV-VIS single beam spectrophotometer from 200 nm to 800 nm at fixed temperature of 25 O C. A quartz cuvette with 10 mm path length was used in this measurement. 
Syntheses Procedure
4-Azidobenzoic Acid (1): 1.0 g (7.29 mmol) of 4-aminobenzoic acid was dissolved in 30 ml of 5% HCl. The mixture was continuously stirred and maintained at a temperature below 5 O C. Then, 0.53 g (7.68 mmol) of NaNO 2 in 5 ml distilled water was slowly added to the mixture, followed by 0.54 g (8.31 mmol) of NaN 3 in 5 ml distilled water. Yellow foam product was collected and thoroughly rinsed with cold distilled water on a Buchner filtration. The crude was then further purified by solvent extraction from diethyl ether and aqueous layer. The organic solvent was removed by using a rotatory evaporator to obtain 0.89 g yellowish solid products (74.8% yield). The product was kept in the dark and dried condition (Note: Arylazide should be kept in the dark because it is a light sensitive substance.). m.p (175-177 O C). IR cm -1 : 3407 (-OH carboxylic acid), 3007, 2923 (-CH aromatic), 2100 (-N 3 azide), 1647 (-CO this reduces in the frequency due to internal hydrogen bonding [2] ), 1600, 1461, 1377, 1316 (C=C ring stretch), 1284 (-C-O stretch), 767 (-CH bend). 1H NMR (400MHz, CDCl 3 ) 8.10 (d, 2x1 CH-Ar), J = 8.56 Hz, 7.11 (d, 2x1 CH-Ar), J = 8.56 Hz.
1-(prop-2-yn-1-yloxy)decane (2):
2.4 ml (12.6 mmol) of decanol was dissolved in 60 ml dried THF and cooled down with ice-water bath. 0.6 g (15.0 mmol) dispersion of NaH (60% wt in mineral oil) was slowly added into the solution. The mixture was kept stirring for another 30 minutes before 1.7ml (15.0 mmol) of propargyl bromide (80% w/w in toluene) was slowly added to the mixture. The temperature was slowly elevated to room temperature and left overnight until it turned to a cloudy mixture. The crude product was dissolved in diethyl ether and extract with distilled water. The organic solvent was removed under vacuum and conduct to further purification by flash chromatography by hexane as eluent to obtain 1. 
4-[4-((decyloxy)methyl)-1H-1,2,3-triazol-1-yl)benzoic acid (3):
0.5 g (2.22 mmol) of 1-(prop-2-yn-1-yloxy)decane and 0.5 g (3.06 mmol) of 4-azidobenzoic acid were dissolved in 10 ml of methanol while stirring in the dark. 5 mg of CuCl was added to the mixture and stirred for overnight. The solvent was evaporated and the crude extracted three times with DCM and 5% HCl. The combine organic layer was concentrated under vacuum and the product was conducted to further purification by flash chromatography by ethyl acetate : hexane (2:1) as an eluent to give the yellowish solid product (0.32 g, 37% yield). m.p = (444-446) O 
Samples Preparation
Preparation of Stock Solutions: A stock solution of 1.0 M of NaOH was prepared by dissolving 2.0 g of NaOH in deionized water in 50 ml of volumetric flask. The stock solution was used in the preparation of dilution of 2.0 mM of NaOH and the surfactant stock solution. The surfactant stock solution was prepared by dissolving 0.09 g of the surfactant with an appropriate amount of 1.0 M NaOH to produce 1.0 mM of p-DMB aqueous solution in 2.0 mM of NaOH in 250 ml of volumetric flask. The solution was stirred overnight to ensure the surfactant is completely dissolved and should be kept in ambient condition.
Dilution of Surfactant in Basic Solution:
Different concentrations of surfactant solutions were prepared by mixing an appropriate volume of the surfactant stock solution with 2.0 mM of NaOH.
Preparation of p-DMB with Different HCl Concentrations:
A series of the surfactant solutions with different amounts of HCl have been prepared by adding appropriate volume of 10 mM HCl into 5 ml surfactant solution in 10 ml volumetric flask. The mixtures were top up with distilled water and properly shook to produce well-homogenized samples.
RESULTS AND DISCUSSION
The targeted surfactant has been successfully synthesized and purified as described above. The molecule structure was confirmed from the spectral study. The surfactant properties were then investigated in aqueous media for the cmc and phase transition. Although the surfactant was obtained synthetically, it was treated similar to natural fatty acids due to the presence of carboxylic acid as a head group.
Determination of Critical Micellar Concentration (cmc)
Conductivity of the samples was measured and plotted against the surfactant concentrations as shown in Figure  1 . The plot shows conductivity of the surfactant solutions increased linearly upon the surfactant concentration. The plot was slightly deviated showing decreases in the rate of increment of the conductivity when concentration above 0.13 mM. This initial observation suggests a transition from monomer-to-micellar phase. However, the cmc value is seventy fold lower than the highest cmc reported for (C8) alkyl benzoic acid 13 . 12 Although the synthesized surfactant only has two additional saturated carbons, it forms aggregation nimbly in very dilute concentration most probably due to the presence of triazolyl moiety. Trizole is an aromatic heterocyclic constructed from 5 membered ring with three nitrogen atoms. Hence, the polarity of the group probably enhances the interaction between the surfactants as a part of electrostatic interaction within the head groups. Figure 2 indicates the relatively high solubility of the surfactant in the form of sodium salt compared to their protonated form. It was reported that salts of long fatty acids such as sodium myristate could have limited solubility in water, but overcomes by adding a suitable electrolyte. 14 The excess of hydroxy ions in the solutions preserves the deprotonation state of benzoate suggesting the constancy of the ionic strength across the surfactant up to 0.25 mM in 2 mM of NaOH. It would also suspected that the excessive sodium hydroxide could maintain the electrostatic forces between the ionized surfactant and the aqueous media resulting solubility while having bulky aromatic and long alkyl chain.
The micellization behavior of the surfactant was also investigated using absorbance at 500 nm. The plot shows rapid transition at above 0.1 mM surfactant (Figure 2) . Cmc of the surfactant determined from this method was rather convincing but the cmc value was determined slightly lower than that of conductivity measurement. Surfactant solutions at lower than 0.1 mM forms monomer indicated as a clear solution. The surfactant started to aggregate at above the value observed by turbidity of the solutions. Our condition, although the surfactant has chromophore moiety, it is not applicable for the cmc determination because the absorbance intensity exceeds the measurement scale and appears as noisy spectra. The cmc determination from both specific conductivity and absorbance method is not significantly different. The surfactant would forms micellar aggregation in the range of 0.1 -0.13 mM. Higher cmc value at 6.918 mM by using potentiometer had been reported for potassium myristate salt, which an example of natural fatty acids with equivalent hydrophobic length. 15 The presence of aromatic benzene ring within the surfactant molecules reduces the cmc value quite drastic from the similar hydrophobic length natural fatty acids. Additional of aromatic heterocyclic is found to have further affecting the aggregation properties to a lower cmc value. Stabilization of the surfactant in aggregation form could also contributed by the π-π interaction between the aromatic and heterocyclic group besides the strong electrostatic interaction of the carboxylate head groups.
pH-Triggered Phase Transition
The head group of the surfactant was initially form of protonated carboxylic acid that resulting highly insoluble in aqueous. Treating the surfactant in basic condition would reverse the polarity of the head group in into deprotonation carboxylated form. Hence, the surfactant was fully soluble in basic aqueous medium. This alternated conversion was anticipated similarly to both saturated and unsaturated natural fatty acids.
Phase transition of the surfactant was then investigated by titration method to produce a series of surfactant solutions with different pHs. Figure 3 shows a plot of specific conductivity with three main regions indicated by the changes of slopes of the plot. It is clearly observed that the specific conductivity of the surfactant solution decreased gradually by addition of HCl. The trend can be interpreted by progressive neutralization of the deprotonated carboxylate head groups into the partially protonated head groups followed by complete protonation process.
In dilute acid concentration, the surfactant probably still exists as dynamic monomer-micellar stage that supported by fully carboxylated and highly polarized head groups. It was consistent with higher conductivity behavior observed above 1000 S cm -1 . Above 0.14 mM HCl, the surfactant would transform into a larger aggregation suspected as lamellar phase, which later observed from absorption study. In this stage, the head group would be a mixture of carboxylic acid-carboxylate. Hence, the polarity and volume of the head groups of the surfactant were reduced. The conductance behavior also reduced in the range between 800 and 1000 S cm -1 . However, the surfactant reduced their energy by rearranging their self-aggregations properties probably into lamellar form. The final stage only exists when there was completed protonation of the head group into carboxylic acid and excessive of proton in the solutions. Above than 0.31 mM HCl, the surfactant was fully neutralized and the polarity of the head group would further reduced. This excessive proton bearing to the limited carboxylic acid head group was consistent with almost steady specific conductivity value that was observed at around 800 S cm -1 .
Figure 3:
Phase transition of the surfactant was determined from conductivity measurement showing three main phases from significant profile deviation at 0.14 mM and 0.31 mM HCl concentrations.
The neutralization of the carboxylate head group by HCl was highly related to pH of the solution. pH of the samples was measured and presented upon the HCl concentration as shown in Figure 4 . The plot has shown a decreasing trend that divided into three main regions. The apparent pH for the first phase was highly basic aqueous solution observed between pH 9 and 10. However, the first phase transition from diluted HCl was shifted significantly to 0.23 mM of HCl compared to the first phase transition determined from specific conductivity. The difference occurred to the first phase transition probably due to the buffering effect of the carboxylate group, which works as conjugated base. Formation of larger aggregation does not appear simultaneously to the apparent pH of the solutions.
The second transition was found at 0.315 mM of HCl, which was comparable to the measurement from specific conductivity. The range of pH for the second region was observed in between 7.5 and 9. At this stage, all carboxylate head groups have been fully converted into carboxylic acids. The slope for the second phase is drastically dropped suggesting the formation of stable aggregation regardless their head group conversion. While the third phase observed at higher than 0.315 mM of HCl suggesting the deformation of self-aggregate structures and further addition of HCl does not affect any neutralization of the surfactant. The above findings mainly focused on the conversion of head groups from fully carboxylated form into carboxylic acid and their consequence to the possible self-aggregation formation. The samples were further analyzed using absorbance that emphasized on turbidity of the solution reflecting the size of aggregation structures. Above the first point, the solutions changed into turbid solutions drastically until 0.2 mM HCl. These transitions were consistent with the previous results obtained from specific conductivity and pH profiles with similar explanation -buffering effect of the carboxylate head group of the surfactant. The second region shows increasing turbidity gradually by addition of HCl until it reached maximum turbidity that was observed at 0.2 a.u. of absorbance intensity. These probably due to the increased number of larger aggregation suspected as lamellar phase. The phase transition was related to the reduced polarity of the head group because of carboxylate-carboxylic acid interaction. The surfactants rearranged from monomer-micellar structures into lamellar that probably have much also relied on hydrophobic interaction and π-π interaction of the aromatic ring. The morphological study of the larger self-aggregation is ongoing and not reported here.
Further addition of HCl at above 0.2 mM only changed the pH and conductivity but not the absorbance intensity. This clearly related to the limited amount of the surfactant to form more lamellar aggregation. This stage was maintained until it begun to deform when titration reached at above 0.4 mM HCl. It can be suggested that the conversion of partial charges carboxylate-carboxylic acid of the head groups into fully protonated form, while less effective hydrophobic and π-π interactions may be occurred among the surfactant molecules. Therefore, the condition was not favor to preserve the self-aggregation structures and the surfactant was less soluble in water.
CONCLUSION
The surfactant was synthesized to imitate natural conjugated and unsaturated fatty acids but contains both aromatic and heterocyclic rings. The synthesis was successful by cycloaddition reaction to couple the azide and acetylene into triazole. The target surfactant was found to be a good amphiphilic molecule based on their selfaggregation behavior, which was observed as micellar-to-lamellar phase transition. Formation of self-aggregation in very dilute concentration would be the implication of addition of aromatic and heterocyclic groups. The most important finding is the self-assembling behavior of the surfactant mainly influence by the carboxylate-carboxylic acid conversion on the head group, which similar to self-assembling of natural fatty acids. The stability of the selfaggregation structures of the surfactant enhanced significantly by the presence of heterocyclic triazolyl group located in the middle of the surfactant structure. These would be an advantage design of surfactant molecule with chromophore value potentially suitable for cellular and biomolecular tagging with natural fatty acids behavior.
